The adsorption of O2 on Pb films and the effect of quantum modulation: a first-principles prediction.
Using first-principles calculations based on density-functional theory, we systematically study the adsorption of O(2) molecules on ultrathin Pb(111) films ranging from 3 to 11 monolayers (MLs). It is found that no matter how thick the film is, the O(2) molecule prefers to adsorb at the threefold hcp hollow site where it lies parallel to the surface. The adsorption mechanism is discussed from the hybridization of p orbitals of O(2) and Pb. The adsorption energy of O(2) on the Pb(111) film, about several hundred meV, shows a 2 ML oscillation with the thickness. This study well confirms the modulation of the surface reactivity of Pb films induced by the quantum well states, which is compatible with the previous experimental observation.